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billions of  
base pairs DNA

~17,000
base pairs

Mitochondrial DNA (mtDNA)

• Predominantly maternally inherited in 
plants and animals

• Haploid (one copy in each individual)
• No recombination
• Location of oxidative phosphorylation 

(OXPHOS), which is vital for metabolic 
activity of somatic cells and gametes

• mtDNA encodes 13 of 67 components of 
the OXPHOS system (54 nuclear)

mtDNA 
~16,500 base 
pairs in 
vertebrates

control
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Maternal inheritance of mtDNA
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m2
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All children inherit their mother’s mtDNA type

Compared 53 complete genomes (16,566 base pairs).

2000. Nature 408:708-713.

Africans

Asians

Asians & 
others

Within species polymorphism (humans)

Liverwort 
Marchantia
polymorpha121,024 bp

Chloroplast DNA

Chloroplasts
• Location of photosynthesis in plant 

cells
• Haploid (one copy in each individual)
• Maternally inherited in some groups 

and paternally inherited in others 
(pine trees)

Polymerase Chain Reaction
(PCR)

• Allows us to make many copies of a 
specific region of the genome 
(amplification)

• We need two primers that flank a 
certain gene or region in the species of 
interest

• Primers are short (~20 bp) synthetic 
strands of DNA that bind to DNA and 
start the replication process
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PCR = polymerase 
chain reaction

Large spring near Great Fountain Geyser 
was the source of the culture of Thermus
aquaticus used to make Taq polymerase. At 
the time of the discovery, its outflow was 
70 degrees C (158 degrees F), the optimum 
temperature of Thermus aquaticus. 

Thomas D. Brock
UW – Madison
1960’s

Minke whale

Tokyo fish 
market

Hotel PCR
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Mitochondrial DNA Sequencing

...CTGAAAGGGT...  Haplotype A

...CTGGAAGGGT...  Haplotype B

Base substitution

Southern minke (8)

Northern minke

Humpback

Fin whale (4)

Unknown “whale”

Unknown “dolphins”(2)

Similarity 
cluster 
analysis

Andrea Taylor and friend Microsatellite loci

or

VNTR (Variable 
Number of Tandem 
Repeat) loci 

or

SSR (Simple sequence 
repeats)
or
STRPs (short random 
repeat polymorphisms)

Hairy-nosed wombat microsatellite

183

199 
195
191 
189 
187

187/199 195/199 Base pairs
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European Alpine ibex (Capra ibex) 

Genotypes

269/273

273/273

269/269

269/273

269/273 (?)

121,024 bp

Microsatellites in Chloroplast DNA!!!

Heterologous microsatellite primers

Journal of Heredity 86:319-322.  1995.

Domestic cat primers
Fca77
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Is there mtDNA sequence information for 
your favorite species?

GenBank

National Center for Biotechnology 
Information (NCBI)

Individual ID

Through the most sensitive DNA testing, RFLP 
testing, the FBI Laboratory determined 
conclusively that the semen on Ms. Lewinsky's 
dress was, in fact, the President's. The chance 
that the semen is not the President's is one in 7.87 
trillion. 

Prob = 1 / (7,870,000,000)

Microsatellites 
as genetic tags
(mark-recapture)

Dry Fork Valley

Two Medicine River Rub tree

Ancient DNA


